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Description 

[0001] Recently, there has been a proposition of an 
X-ray CT apparatus capable of carrying out a so called 
helical scan imaging. As shown in Fig. 1 , In the helical s 
scan innaging, a body to be exannined P located on a 
bed plate 1 00 is moved along a direction of its body axis 
while an X-ray tube 101 and a detector 102 are rotated 
around the body to be examined P, such that the X-ray 
tube 101 moves along a helical trajectory 103 shown In 
Fig. 2 relative to the body to be examined P. In recon- 
structing the image from the data collected by such a 
helical scan, tomographic image data are obtained from 
data collected during one rotation around the body to be 
examined P, such as those collected between points a 
and b shown in Fig, 2. Such a helical scan imaging has 
an advantage that the three-dimensional information on 
the body to be examined P can be obtained in a rela- 
tively short period of time. 

[0002] Now, In such a helical scan imaging, the slice 
plane obtained from data collected between the points 
a and b does not appear like a nornial slice plane shown 
in Fig. 3A which can be obtained by the ordinary scans, 
but appears as shown in Fig, 3B in which 0° plane and 
360"* plane do not coincide with each other, so that when 
these data are directly used In reconstructing the image, 
the strong artefacts appear on the reconstructed image. 
For this reason, the reduction of the artefacts is 
achieved by deriving the data of the same single slice 
plane from the collected data by using the Interpolation 
as follows. 

[0003] For example, as shown in Fig. 4, the data at a 
point C of a desired rotational phase on a desired slice 
plane can be obtained by using the interpolation of the 
data d;^ of the point A in the same rotational phase as 
that of the point C and on a part of the trajectory 1 03 
neighboring the point C, and the data dg of the point B 
in the same rotational phase as that of the point C and 
on another part of the trajectory 103 neighboring the 
point C. Therefore, in a case of using a linear interpola- 
tion, the data 6q at the point C can be obtained by the 
following expression: 

dc = X + r-^ x do 
c l + m ^ l + m ^ 

where I is a distance between the points A and C, and 
m is a distance between the points B and C, as shown 
in Fig. 4. 

[0004] Now, as shown in Fig. 5, in reconstructing the 
image from the data collected by the helical scan, in or- 
der to obtain the necessary data for reconstructing the 
image at a slice center position E, the data must be col- 
lected at least at a main data region D which covers a 
half rotation (180") ahead and a half rotation (180°) be- 
hind the slice center position E in a case of a full scan. 
[0005] In addition, in a case the data for reconstruc- 
tion are to be derived from the collected data by using 
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the interpolation, the data must also be collected at sup- 
plementary data regions F and G which cover a half ro- 
tation (1 80") ahead and a half rotation (1 80") behind the 
main data region D. Namely, in order to obtain the data 
at a point C on the slice center position E by the inter- 
polation, the data at a point A' in the main data region 
D as well as the data at a point B' in the supplementary 
data region F become necessary. Namely, in order to 
obtain the data at a point C" on the slice center position 
E by the interpolation, the data at a point A" In the main 
data region D as well as the data at a point B" in the 
supplementary data region G become necessary. 
[0006] Therefore, the operator must position the body 
to be examined P and the bed plate 1 00 and set up the 
scanning region such that the scan and the data collec- 
tion can be carried out for the main data region D and 
possibly also for the supplementary data regions F and 
G if necessary, according to the desired imaging regions 
on the body to be examined P. 
[0007] IVIoreover, it is further preferable for the oper- 
ator to position the body to be examined P and the bed 
plate 100 and set up the scanning region such that the 
scan also covers the regions for the initial acceleration 
and the final deceleration of the motion of the bed plate 
100 along the body axis of the body to be examined P 
at which the data collection is unnecessary, so as to ob- 
tain the accurate data collected only while the bed plate 
100 is moving at a constant speed. 
[0008] However, in a conventional X-ray CT appara- 
tus capable of carrying out the helical scan imaging, the 
operator must carry out the initial set up operation in- 
cluding the positioning of the body to be examined P 
and the bed plate 100 and setting up of the scanning 
region described above, on his own discretion, so that 
the these positioning and setting up operations have 
been cumbersome as well as not very accurate. 
[0009] An apparatus according to the preamble of 
claim 1 is known from EP-A-0 113 879. 
[0010] It is therefore an object of the present invention 
to provide an apparatus for a helical scan imaging in an 
X-ray CT, in which the initial set up operation can be 
achieved easily and accurately, without relying heavily 
on the discretion of the operator. 
[001 1 ] This object is achieved by an X-ray CT appa- 
ratus according to claim 1 . 

[001 2] Further developments of the invention are giv- 
en in the dependent claims. 

[001 3] Other features and advantages of the present 
invention will become apparent from the following de- 
scription taken in conjunction with the accompanying 

drawings. 

Fig. 1 is a front view of a main part of a conventional 
X-ray CT apparatus for carrying out a helical scan 

imaging. 

Fig. 2 is a perspective view of a body to be exam- 
ined, showing a trajectory of an X-ray tube around 
the body to be examined realizing in the helical scan 
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imaging. 

Fig. 3A is a perspective view of a typical slice plane 
obtained by an ordinary scanning in an X-ray CT 
apparatus. 

Fig. SB is a perspective view of a typical slice plane 5 
obtained by the helical scan Imaging in an X-ray CT 
apparatus. 

Fig. 4 is a perspective view of a trajectory of the X- 
ray tube realizing In the helical scan Imaging, for ex- 
plaining the linear interpolation for deriving the data 
for the image reconstruction. 
Fig. 5 is a side view of a trajectory of the X-ray tube 
realizing in the helical scan imaging, for explaining 
a main data region and supplementary data regions 
to be set up around a slice center position. 
Fig. 6 is a schematic blocl< diagram of certain as- 
pects of an embodiment of an X-ray CT apparatus 
according to the present invention. 
Fig. 7 is a side view of a body to be examined, show- 
ing one possible initial set up realizable In the ap- 
paratus of Fig. 6. 

Fig. 8 is a side view of a body to be examined, show- 
ing further aspects of the initial set up realizable in 
the apparatus of Fig. 6. 

[0014] Referring now to Fig. 6, certain aspects of an 
embodiment of an X-ray CT apparatus according to the 
present invention will be described in detail. 
[0015] The X-ray CT apparatus 1 has a scanner unit 
2 for carrying out scans with respect to a body to be 
examined P, Including a bed plate 3 for carrying the body 
to be examined P along a direction of the body axis of 
the body to be examined P, an X-ray tube 4 for irradiating 
X-rays on the body to be examined P on the bed plate 
3, and a detector 5 for detecting the X-rays irradiated by 
the X-ray tube 4 and penetrated through the body to be 
examined P, where the bed plate 3 is linearly movable 
along the direction of the body axis of the body to be 
examined P, while the X-ray tube 4 and the detector 5 
are integrally rotatable around the body to be examined 
P at a predetemnlned constant angular speed. In this 
scanner unit 2, the helical scan imaging is carried out 
by moving the body to be examined P located on the 
bed plate 3 along the direction of the body axis of the 
body to be examined P while rotating the X-ray tube 4 
and the detector 5 around the body to be examined P, 
such that the X-ray tube 4 moves along a helical trajec- 
tory relative to the body to be examined P. 
[0016] In addition, this X-ray CT apparatus 1 further 
comprises a bed plate driving unit 6 for driving the bed 
plate 3 into the linear motion along the direction of the 
body axis of the body to be examined P; a bed plate 
controller 7 for controlling the driving operation by the 
bed plate driving unit 6 In order to control the linear mo- 
tion of the bed plate 3 appropriately; a data collection 
unit 8 for collecting data concerning the X-rays detected 
by the detector 5; an image reconstruction unit 9 for re- 
constructing the tomographic Images according to the 
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data collected by the data collection unit 8; a display unit 
1 0 for displaying the tomographic images reconstructed 
by the image reconstruction unit 9; a data collection con- 
troller 11 for controlling the data collection operation of 
the data collection units appropriately; and the input unit 
12 from which an operator enters a desired scanning 
region, according to which the bed plate controller 7 and 
the data collection controller 11 control the bed plate 
driving unit 6 and the data collection unit 8. 
[0017] In carrying out the helical scan Imaging in this 
X-ray CT apparatus, the operator enters the desired im- 
aging region in which the tomographic images are to be 
obtained for the slice planes located therein, through the 
input unit 12, and places the body to be examined P on 
the bed plate 3 such that a scan start side end of the 
Imaging region is located at a predetemnined scanning 
position. 

[0018] Then, in accordance with the desired imaging 
region entered at the input unit 12, the bed plate con- 
troller 7 and the data collection controller 1 1 controls the 
bed plate driving unit 8 and the data collection unit 8 as 
follows. 

[0019] Namely, as shown in Fig. 7, when the imaging 
region J is set up with respect to the body to be exam- 
ined P with a scan start side end K located at the scan- 
ning position, the bed plate controller 7 automatically de- 
temriines extra data regions L and R each of which in- 
cludes a half main data region covering a half rotation 
(180**) part of a main data region for a first slice plane 
in the imaging region J and an associated supplemen- 
tary data region covering additional half rotation (1 80'') 
adjacent to the half main data region, as well as an initial 
acceleration region M for accounting an initial acceler- 
ation of the bed plate 3 and a final deceleration region 
S for accounting a final deceleration of the bed plate 3, 
and controls the bed plate driving unit 6 to move the bed 
plate 3 in a direction opposite to a scanning direction for 
such a distance that a scan start side end N of the initial 
acceleration region M is moved to the scanning position. 
[0020] Here, the extra data regions L and R and the 
initial acceleration region M and the final deceleration 
region S can be detemrtined in advance according to the 
predetemnined constant rotational speed of the X-ray 
tube 4 and the detectors and a linear motion character- 
istic of the bed plate 3. 

[0021] Then, as the helical scan imaging starts, the 
X-ray tube 4 and the detector 5 are Integrally rotated at 
a predetermined constant angular speed around the 
body to be examined P at the scanning position while 
the bed plate controller 7 controls the bed plate driving 
unit 6 to move the bed plate 3 in the scanning direction 
such that the scanning is carried out for the entire scan- 
ning region formed by the imaging region J, extra data 
regions L and R, initial acceleration region M and final 
deceleration region S until a scan finish side end T of 
the final deceleration region S stops at the scanning po- 
sition. 

[0022] As a result, the bed plate 3 initially accelerates 
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for a distance covered by the initial acceleration region 
M, moves at a predetemnlned constant linear speed 
through a distance covered by the extra data regions L 
and R and the imaging region J, and finally decelerates 
for a distance covered by the final deceleration region 
S, such that the X-ray tube 4 moves along a helical tra- 
jectory relative to the body to be examined P. 
[0023] Meanwhile, when the imaging region J is set 
up with respect to the body to be examined P with a scan 
start side end K located at the scanning position, the 
data collection controller 11 also similarly determines 
extra data regions L and R as well as the initial acceler- 
ation and the final deceleration region S around the im- 
aging region J automatically, and controls the data col- 
lection unit 8 such that the data concerning the X-rays 
detected by the detector 5 are collected only in the extra 
data regions L and R and the imaging region J. In other 
words, the data are collected by the data collection unit 

8 between a scan start side end U of the extra data re- 
gion L and a scan finish side end W of the extra data 
region R. 

[0024] Then, the data collected by the data collection 
unit 8 from the extra data regions L and R and the im- 
aging region J are fed to the image reconstruction unit 

9 in which image data necessary to reconstruct the to- 
mographic images at desired slice planes are derived 
by using the interpolation on the collected data, and the 
tomographic images at the desired slice planes are re- 
constructed by using the derived image data. Here, the 
interpolation can be achieved similarly to a conventional 
manner described above in the background of the in- 
vention section. The reconstructed tomographic images 
are then displayed on the display unit 1 0. 

[0025] Thus, according to this embodiment, the Initial 
set up operation for the helical scan Imaging can be 
achieved by simply specifying the desired imaging re- 
gion J at the input unit 12, so that the scanning region 
can be set up accurately, while reducing the burden of 
the operator. 

[0026] In the present invention, the imaging region J 
is too wide to be covered by a single scan such that more 
than one scan is required, so that the bed plate controller 
7 controls the bed plate driving unit 6 as follows. 
[0027] As shown in Fig. 8, when the first scan finishes 
at a position X, the bed plate controller 7 determines a 
readjustment region Y containing another extra data re- 
gion adjacent to the position X, correction data region, 
and another initial acceleration region, and controls the 
bed plate driving unit 6 to move the bed plate 3 in the 
direction opposite to the scanning direction for such a 
distance that a scan start side end Z of the readjustment 
region Y Is moved to the scanning position, such that 
the next scan can be started at the scan start side end 
Z of the readjustment region Y. 
[0028] Here, the correction data region is provided in 
the readjustment region Y in order to obtain additional 
data necessary in removing the inconsistency in the col- 
lected data due to the displacement of the slice plane 



caused by the physical motion of the body to be exam- 
ined P during the readjustment between the successive 
scans. Thus, the data collected at the additional extra 
region and the correction data region overlap with the 

5 data collected in the previous scan, so as to enable the 
effective data correction for the subsequent scan. Fur- 
thermore, the readjustment may be achieved such that 
the data collected at a part of the main data region in 
the subsequent scan also overlap with the data collect- 

10 ed in the previous scan, in order to account for the phys- 
ical motion of the target portion of the body to be exam- 
ined P due to breathing or some other cause occurring 
during the readjustment between the successive scans. 
[0029] It Is also to be noted that any one of the Initial 

'5 acceleration region M, final deceleration region S, and 
a supplementary data region in the the extra data re- 
gions L and R may be omitted if its omission is preferred. 
[0030] Similarly, although the above embodiment has 
been described for a case of a full scan using a full 360" 

20 rotation of the X-ray tube and the detector around the 
body to be examined, the present invention is also 
equally applicable to an X-ray CT apparatus for carrying 
out a half scan In which the data for one rotation are 
obtained by using scans of 90° plus a fan angle on both 

25 sides of the desired image center position. 



Claims 

30 1. An X-ray CT apparatus for carrying out a helical 
scan imaging, comprising 

input means (12) for entering a desired imaging 
region (J), 

35 a bed plate (3) for carrying a body (P) to be ex- 

amined along a direction of a body axis of the 
body (P) to be examined, which is linearly mov- 
able along the direction of the longitudinal axis 
of the bed plate (3), 

40 an X-ray tube (4) for irradiating X-rays on the 

body (P) to be examined on the bed plate (3), 
a detector (5) for detecting the X-rays Irradiated 
by the X-ray tube (4) and penetrated through 
the body (P) to be examined, where the X-ray 

45 tube (4) and the detector (5) are integrally ro- 

tatable around the body (P) to be examined at 
a predetemnlned constant angular speed, 
data collection means (8) for collecting data 
concerning the X-rays detected by the detector 

50 (5) in the desired Imaging region (J) entered by 

the input means (12), 

image reconstruction means (9) for recon- 
structing tomographic images according to the 
data collected by the data collection means (8), 
55 and 

bed plate control means (7) for controlling the 
linear motion of the bed plate (3) according to 
the desired imaging region (J) entered by the 
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Input means (12) such that the bed plate (3) Is 
linearly naoved in a plurality of helical scans 
over a distance Including the imaging region 
(J), which helical scans are arranged succes- 
sively In the direction of the longitudinal axis, 
each of said scans except for the first scan in- 
cluding a readjustment region (Y) which over- 
laps with a region covered by the con^espond- 
ing previous scan, characterized in tliat the 
control means (7) controls the bed plate (3) to 
move, during each scan, in a given direction 
along the longitudinal axis and to move, at the 
end of each scan except for the last scan and 
before the next scan begins, in the opposite di- 
rection along said longitudinal axis for a dis- 
tance corresponding to the readjustment region 
(Y) of the next scan. 

2. The X-ray CT apparatus of claim 1 , wherein the dis- 
tance includes an acceleration region (M) for Initial 
acceleration of the bed plate (3). 

3. The X-ray CT apparatus of claims 1 or 2, wherein 
the distance also includes a deceleration region (S) 
for final deceleration of the bed plate (3). 

4. The X-ray CT apparatus of any of claims 1 to 3, 
wherein the readjustment region (Y) includes a fur- 
ther acceleration region for accelerating the bed 
plate (3) in the next scan. 

5. The X-ray CT apparatus of any of claims 1 to 4, 
wherein the readjustment region (Y) includes a cor- 
rection data region from which additional data are 
collected by the data collection means (8) for re- 
moving data Inconsistencies due to readjustments 
between the successive scans. 



PatentansprUche 

1. R6ntgenstrahl-CT-Vorrlchtung zum Ausfuhren ei- 
ner Bildgabe mit schraubenlinienfomniger Abta- 
stung, mIt 

einem Eingabemittel (12) zum Eingeben eines 
gewunschten Abbildungsberelchs (J), einer 
Bettplatte (3) zum Transportieren eines K6r- 
pers (P), der zu untersuchen ist, entlang eIner 
Richtung einer Korperachse des Korpers (P), 
der zu untersuchen ist, die linear entlang der 
Richtung der Langsachse der Bettplatte (3) be- 
wegbar Ist, 

einer Rontgenstrahlrohre (4) zum Strahlen von 
Rontgenstrahlen auf den K6rper(P), derzu un- 
tersuchen ist, auf der Bettplatte (3), 
einem Detektor (5) zum Detektieren der Ront- 
genstrahlen, die durch die Rontgenstrahlrohre 
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(4) ausgestrahlt wurden und durch den Korper 
(P), derzu untersuchen ist, hindurchgegangen 
sind, wobel die Rontgenstrahlrohre (4) und der 
Detektor (5) integral um den Korper (P), derzu 

5 untersuchen ist, mit einer vorbestimmten kon- 

stanten Winkelgeschwindlgkeit drehbar slnd, 
einem Datensammelmlttel (8) zum Sammein 
von Daten, die die Rontgenstrahlen betreffen, 
die durch den Detektor (5) in dem gewOnschten 

10 Abblidungsberelch (J), der durch das Eingabe- 

mittel (12) elngegeben worden Ist, detektlert 
werden, 

einem Blldrekonstruktlonsmittel (9) zum Re- 
konstruieren von tomograph ischen Bildem ent- 

15 sprechend der Daten, die durch das Datensam- 

melmlttel (8) gesammelt worden slnd, und 
einem Bettplattensteuemirttel (7) zum Steuern 
der linearen Bewegung der Bettplatte (3) ent- 
sprechend des gewunschten Abbildungsbe- 

20 reichs(J), der durch das Eingabemittel (12) eln- 

gegeben worden ist, derart, da3 die Bettplatte 
(3) in einer Mehrzahl von schraubenlinienformi- 
gen Abtastungen uber einen Abstand, der den 
Abblidungsberelch (J) enthalt, linear bewegt 

25 wird, wobei die schraubenlinienformigen Abta- 

stungen aufeinanderfolgend in der Richtung 
der Langsachse angeordnet sind, jede der Ab- 
tastungen, ausgenommen die erste Abtastung, 
einen Wiedereinstellungsbereich (Y), der sich 

30 mit einem Berelch, der durch die entsprechen- 

de vorhergehende Abtastung abgedeckt wird, 
uberlappt, enthalt, dadurch gelcennzeichnet, 
daB das Steuemnittel (7) die Bettplatte (3) zur 
Bewegung, wahrend jeder Abtastung, in einer 

35 gegebenen Richtung entlang der Langsachse 

und zum Bewegen, an dem Ende jeder Abta- 
stung, ausgenommen die letzte Abtastung, und 
bevor die nachste Abtastung beginnt, in der 
entgegengesetzten Richtung entlang der 

40 Langsachse uber einen Abstand, der dem Wie- 

dereinstellungsbereich (Y) der nachsten Abta- 
stung entsprlcht, steuert. 

2. Rontgenstrahl-CT-Vorrichtung nach Anspruch 1, 
45 bel der der Abstand einen Beschleunigungsbereich 

(M) fur eine anfangliche Beschleunigung der Bett- 
platte (3) enthalt. 

3. R6ntgenstrahl-CT-Vorrichtung nach Anspruch 1 
50 Oder 2, bei der der Abstand auBerdem einen Ab- 

bremsbereich (S) fur ein finales Abbremsen der 
Bettplatte (3) enthalt. 

4. Rontgenstrahl-CT-Vorrichtung nach einem der An- 
55 spruche 1 bis 3, bei der der Wiedereinstellungsbe- 
reich (Y) einen weiteren Beschleunigungsbereich 
zum Beschleunigen der Bettplatte (3) in der nach- 
sten Abtastung enthalt. 



5 



9 



EP 0 691 104 B1 



10 



5. R6ntgenstrahl-CT-Vorrichtung nach einem der An- 
spruche 1 bis 4, bei der der Wiedereinstellungsbe- 
reich (Y) einen Korrekturdatenbereich enthalt, aus 
dam zusatzllche Daten durch das Datensammel- 
mittel (8) zum Entfernen von Datenwiderspruchen 
aufgrund von Wiedereinstellungen zwischen den 
aufeinanderfolgenden Abtastungen gesammelt 
werden. 



Revendications 

1 . Appareil de tomographie k rayons X assists par or- 
dinateur pour effectuer une imagerie par balayage 
h6llcoidal, comprenant 

des moyens d'entr6e (12) pour entrer une re- 
gion d'imagerie desiree (J), 

une plaque-lit (3) pour porter un corps (P) ^ 

examiner le long d'une direction d'un axe du 
corps (P) k examiner, ladite plaque-lit etant li- 
n6airement mobile le long de la direction de 
I'axe longitudinal de ladite plaque-lit (3), 

un tube a rayons X (4) pour irradier des rayons 
X sur le corps (P) k examiner sur la plaque-lit 
(3). 

un d6tecteur (5) pour d^tecter les rayons X Ir- 
radiSs par le tube k rayons X (4) et ayant p6- 
n6tr6 k travers le corps (P) a examiner, ledit tu- 
be k rayons X (4) et le detecteur (5) etant ca- 
pables de tourner de maniere integrate autour 
du corps (P) k examiner ^ une vltesse angulaire 
constante pr6detemilnee, 

des moyens de collecte de donn6es (8) pour 
collector des donnees concernant les rayons X 
detect^s par le detecteur (5) dans la region 
d'imagerie d^sir^e (J) entree par les moyens 
d'entr6e (12), 

des moyens de reconstruction d'Image (9) pour 
reconstruire des images tomograph iques en 
accord avec les donnees collect^es par les 
moyens de collecte de donndes (8), et 



desdits balayages, a I'exception du premier, in- 
cluant une region de r^ajustement (Y) qui che- 
vauche une region couverte par le balayage 
pr^c^dent correspondant, 

5 

caracterlse en ce que les moyens de commande 
(7) commandent la plaque-lit (3) af in de se deplacer, 
pendant chaque balayage, dans une direction don- 
nde le long de I'axe longitudinal, et de se ddplacer, 
10 k la fin de chaque balayage, k I'exception du dernier 
balayage et avant que commence le balayage sui- 
vant, dans la direction opposee le long dudit axe 
longitudinal sur une distance qui correspond k la r6- 
gion de reajustement (Y) du balayage suivant. 

15 

2. Appareil de tomographie k rayons X asslste par or- 
dinateur selon la revendication 1 , dans lequel la dis- 
tance inclut une region d'acceleration (M) pour I'ac- 
celeration initlale de la plaque-lit (3). 

20 

3. Appareil de tomographie a rayons X assiste par or- 
dinateur selon Tune ou I'autre des revendications 1 
et 2, dans lequel la distance inclut aussi une region 
de d6c6l6ratlon (S) pour la d6c^l6ration finale de la 

25 plaque-lit (3). 

4. Appareil de tomographie k rayons X assists par or- 
dinateur selon Tune quelconque des revendications 
1 k 3, dans lequel la region de reajustement (Y) in- 

30 clut une autre region d'acceleration pour acc^lerer 
la plaque-lit (3) dans le balayage suivant. 

5. Appareil de tomographie k rayons X assiste par or- 
dinateur selon I'une quelconque des revendications 

35 1 & 4, dans lequel la region de reajustement (Y) in- 
clut une region de donnees de correction depuls la- 
quelle sont cotlect^es des donnees additionnelles 
par les moyens de collecte de donn6es (8) pour 
supprlmer des incoherences de donnees dues k 

40 des r^ajustements entre les balayages successifs. 
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des moyens de commande pour la plaque-lit (7) 
pour commander le mouvement llneaire de la so 
plaque-lit (3) confonnement k la region d'ima- 
gerie d6sir6e (J) entr6e par les moyens d'en- 
tree (12). de telle maniere que la plaque-lit (3) 
est d^placde lindairement en une plurality de 
balayages heiicoidaux sur une distance qui in- 55 
clut la region d'imagerie (J), lesdits balayages 
helicoidaux etant agences successlvement 
dans la direction de I'axe longitudinal, chacun 
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